A new polymeric, two-dimensional compound [Fe(4,4'-bpy)(µ1,5-dca)2].0.24(4,4'-bpy).0.5(EtOH) (1), in which dca= dicyanamide and 4,4'-bpy = 4,4'-bipyridine, has been synthesized under solvothermal conditions and fully characterized by elemental analysis, FT-IR spectroscopy and X-ray single crystal diffraction. Structural analysis of compound 1 showed it is a novel two dimensional coordination polymer, constructed from repetition of 4,4'-bpy and dca as a bidentate bridging ligand. Using the co-ligand 4,4'-bpy, lead to completely different structure geometry and network, which confirms the substantial effect of co-ligand. Furthermore, magnetic properties have been performed to understand the correlation structure-properties.
Introduction
The field of crystal engineering of metal-organic structures in order to obtain compounds with various multidimensional networks is of particular modern researches [1] - [4] . Transition metal compounds with N-donor bridging ligands are used to form infinite polymeric frameworks [3] . These compounds display rich structural and topological features and exhibit physical properties ranging from conductivity to magnetism [4] . Recently, polynitrile and pseudohalide ligands, have proven to be very versatile and diverse in both coordination chemistry and in molecular materials chemistry [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In particular, the pseudohalide ligand dicyanamide, hereafter dca, with the formula of [N(CN)2] -received considerable attention because of its various modes of coordination character and bridging ability. It is a well-known building block to create 1D and 2D frameworks owing to its flexibility and versatility in coordination modes. Also dca is an anionic ligand, so no other anions are required in the structure to balance the charge [17] . The various coordination and bridging modes of dca as a ligand are illustrated by its four distinct structures in Scheme 1. Part (I) shows monodentate coordination through a nitrile nitrogen atom, (II) bidentate (µ2) end-to-end bridging through the two nitrile nitrogen atoms, (III) tris-monodentate (µ3) bridging of three metal atom and (IV),which is very similar to that of (II), except that a pair of dca ligands makes a double bridge between two metal centers. The third coordination mode, µ3, observed in several neutral 3D compounds with the general formula [M II (dca)2] in which M(II) is Fe, Mn, Co, Ni or Cu, which exhibit a rutile-like structure [3] , [4] , [18] , [19] . Lower dimensional systems with general formula of [M(L)2(dca)4] where L is monodentate ligand, have also been reported by coordination of two blocking L ligands. In this case the four remaining coordination sites are occupied by the nitrogen atoms of the dca ligands, leading to square twodimensional systems with each metal center bridged by means of four single end-to-end dca to four neighboring ones [18] , [20] , [21] , [22] or one-dimensional systems with double end-to-end dca bridges along the chains [23] , [24] . The structures and networks of the coordination polymers of dca can be strongly modified by the introduction of co-ligands [25] . In this research we focused on the N-donor ligand (4,4`-bpy), as coligand. A novel polymeric network structure based on iron complexe of dca was synthesized successfully. Using dca along with 4,4'-bpy ligand leads to polymeric planes in compound 1.
Experimental

Reagents and techniques
All the reagents and solvents employed were commercially available and used as received without further purification. Elemental analyses (C, H and N) were performed using a Perkin-Elmer 2400 series II CHN analyzer. Infrared spectra were recorded in the range of 4000-500 cm -1 on a FT-IR Bruker ATR Vertex 70 Spectrometer.
X-ray crystallography
Diffraction data were collected at 200 K for 1, using a Bruker APEXII CCD diffractometer and graphite-monochromated MoKα radiation (λ = 0.71073 Å), using a Bruker SMART X2S diffractometer and monochromated (doubly curved silicon crystal) MoKα radiation (λ = 0.71073 Å). Data collection, cell refinement and data reduction were performed using APEX2 and SAINT [30] , and absorption correction with SADABS [30] . The structures were solved by direct methods using SHELXS-97 [31] and refined by full-matrix least squares on F 2 with all data, using SHELXL-2014 [32] . All H atoms were located in difference maps: those bonded to C atoms were treated as riding atoms in geometrically idealized positions with C-H distances 0.95 Å (pyridyl), 0.98 Å (CH3) or 0.99 Å (CH2) and with Uiso(H) = kUeq(C). where k = 1.2 for all H atoms bonded to C atoms. The ethanol components was found to be disordered over two sets of atomic sites having unequal occupancies: for the minor component, the bonded distances and the 1,3 non-bonded C...O distances were restrained to be the same as those in the major component, subject to S.U.s of 0.005 Å and 0.01 Å respectively.In addition, the anisotropic displacement parameters for pairs of partialoccupancy atoms occupying essentially the same physical space were constrained to be identical. For the H atoms bonded to O atoms, the atomic coordinates were refined with Uiso(H) = 1.5Ueq(O) giving O-H distances of 0.840(10) Å, and the occupancies of the ethanol components refine to values of 0.694(9) and 0.306 (9) , while the occupancy of the uncoordinated 4,4'-bipy unit refined to 0.963 (6) .Crystallographic data and details of the data collection and structure solution and refinements are listed in Table 1 . 
Results and discussion
Infrared spectroscopy
The IR spectra of the dicyanamido compound exhibit strong to medium absorptions in the 2320-2110 cm -1 region corresponding to the ν(C≡N) stretching frequencies of the dca ligand. In the complexe, the frequencies are shifted to higher values compared to the free dca. These results are in agreement with the literature for coordinated dca ligand [33] .
Description of the crystal structures [Fe(4,4'-bpy)(µ1,5-dca)2]n.0.24(4,4'-bpy).0.5(EtOH)(1)
Complex 1 (perspective view is shown in Fig. 1 and selected bond lengths and bond angles are summarized in Table 2 ) crystallizes as a two-dimensional coordination polymer in space group C2/m. One pair of trans coordination sites at the octahedral Fe centre is occupied by two independent 4,4'-bipy ligands. One of these lies across the two-fold rotation axis along (1/2, y, 0) and so bridges the two Fe centres at (x, y, z) and (1-x, y, 2 -z), while the other lies across the twofold rotation axis along (0, y, ½), so linking the Fe centres at (x, y, z) and (-x, y, 1-z). In this way a chain of composition [Fe(4,4'-bipy)]n is formed, running parallel to the [101] direction. The other four coordination sites are occupied by the terminal N atoms of four independent dca ligands, all of which lie across mirror planes. One pair of dca units, occupying mutually cis sites lie across the mirror plane at y = 0, so linking the Fe centres at (x, y, z) and (x, -y, z), while the second pair lie across the mirror plane at y = 0.5, linking the Fe centres at (x, y, z) and (x, 1-y, z). Two sheets of this type, related to one another by the C-centring operation, pass through each unit cell, but these sheets occupy only ca. 75% of the available volume of the unit-cell. The sheets enclose two pairs of voids, one pair centred at (0, 0, ½) and (½,½, ½) each having a volume of ca. 3 , and a second pair centred at (½, 0, ½) and (0, ½, ½) with a volume of ca. 215 Å 3 . Each of the larger voids is occupied by an uncoordinated 4,4'-bipy unit, lying on a site of 2/m (C2h) symmetry and having occupancy 0.963 (6) . Each of the smaller voids is occupied by an inversionrelated pair of ethanol molecules, each disordered over two sets of atomic site having occupancies 0.694(9) and 0.306 (9) .
Hence the overall composition of this material is 4[Fe(4,4'-bipy)(dca)2].0.963(4,4'-bipy).2(EtOH). The composition of the coordination polymer sheets indicates that iron is present as Fe(II), and the Fe-N distances indicate that the Fe(II) adopts a HS configuration. Thus, the Fe-N(4,4'-bipy) distances 2.209(2) Å and 2.227(2) Å are close to Fe-N(pyridyl) distances in other HS complexes [34] , [35] , and the Fe-N(dca) distances, which are closely clustered around 2.15 Å are of similar magnitude to the Fe-N(4,4'-bipy) distances here. By contrast, in low-spin Fe(II) complexes of 2,2'-bipy and 1,10-phen, the Fe-N distances are all close to 1.97 Å [36] - [38] . For comparison, an analysis of interatomic distances in simple salts indicated a difference of ca, 0.16 Å in effective radius between HS octahedral Fe(II) and the corresponding LS counterpart [39] . Within the sheets, the two independent Fe...Fe distances bridged by the dca ligands are 7.447(3) Å and 7.497(3) Å, while those across the 4,4'-bipy bridges are 11.533(4) Å and 11.583(4) Å (Fig. 3) . To get insight into the magnetic properties of the reported sample (1) the measurements of the isothermal magnetization and susceptibility of a bulk sample have been performed. The mass of 3.7 mg of the powder sample of 1 was mounted in a plastic draw in the Quantum Design SQUID probe. The magnetization was detected at 2.0 K in the field range of -70 -70 kOe (black symbols in Fig. 5 ). The susceptibility was measured using the dc field of 500 Oe in the temperature range 2-300 K (black symbols in Fig. 4) . . The corresponding expression, in which the classical spin has been scaled to a real quantum spin, reads
No analytical calculation is possible for the field dependence of the isothermal magnetization for such a chain. At the same time, an exact quantification of the chain model would require nontrivial and time-consuming Monte Carlo simulations, we therefore resort here to a simplified approach based on the molecular field approximation (MFA). As the χT signal in Fig. 1 implies an antiferromagnetic coupling between the Fe(II) ions, we shall assume that the correlated chain consists of two sublattices A1 and A2 with stoichiometric factors ν1 and ν2 respectively. Sublattices A1 and A2 are occupied by the A type ions with spin SA and the Landé factor gA. Thus the system may be described by the formula 2 1 A2 A1   . The Hamiltonian pertinent to the system is given by the following formula
where (ij) denotes the summation over the pairs of the nearest neighbors, J is the superexchange coupling constant, μB is the Bohr magneton, and H is the external magnetic field. In the framework of MFA the Hamiltonian in Eq. (3) is reduced to the following form
where the molecular fields X H (X=A1, A2) read
Quantity X M denotes the molar magnetization of sublattice X, and the molecular field constants ΛXY read , ,
where ZXY denotes the number of the nearest neighbor Y type ions of the X type ion. It is clear that the number of the coupling connections between the A1 and A2 type ions in a mole of the compound may be written either as NAν1ZA1A2 or as NAν2ZA2A1, hence ν1ZA1A2=ν2ZA2A1. The above relations and Eq. (6) imply that
, thus there a single independent molecular field constants in the model Λ. For an arbitrary thermodynamic point (T,H) the molecular field model defined in Eqs. (2)-(4) should be solved by an iterative numerical method. However, in the special case where the temperature is high compared to B / k J (kB-the Boltzmann constant) one can venture to calculate the magnetic susceptibility χ of the system. An additional simplification stems from the fact that the model is isotropic (all exchange interactions are of the isotropic Heisenberg type) and the scalar counterpart of Eq. (3) can be used. Then the system is in the paramagnetic state and the molar magnetizations are directly proportional to the magnetic field, i.e. MX=χXHX, where
is the paramagnetic molar susceptibility of sublattice X. The system of linear equations MX=χXHX (X=A1, A2) can be solved by the Cramer method for MX and the total susceptibility of the system can be calculated as
To compute the total molar magnetization Mtotal one should iteratively solve a set of coupled equations for the thermally averaged values of sublattice spins 
where BS is the Brillouin function, SA0 is the value of A1 S and A2 S at T=0 K. The total magnetization is then given by the formula
In the case under study sublattices A1 and A2 consist both of the Fe(II) ions. The pertinent values of parameters are: ν1=1, ν2=1, ZFe1Fe2=2, ZFe2Fe1=2, SFe0=2.
The experimental χT value at 300 K amounts to 6.242 cm 3 K mol -1 . On cooling the χT signal slightly increases attaining the maximum of 6.585 cm 3 K mol -1 at 91.6 K, and then decreases reaching the value of 2.355 cm 3 K mol -1 at 2 K. The decreasing trend of the χT signal on heating the sample may be attributed to some diamagnetic correction originating from the sample itself and from the mounting setup (plastic straw). The isothermal magnetization (see Fig. 2 ) does not show hysteretic behavior and is a smoothly increasing function of the applied field reaching the value of 5.53 NAμB in the field of 7 T. To get a more quantitative insight into the details of the intrachain interactions we fitted function
where the factor 2 is introduced to account for the stoichiometry of the formula unit, to the experimental susceptibility data. The best fit yields J=-0.450(3) cm -1 , gFe=2.150 (1) , and χ0=-0.00198(4) cm 3 mol -1 . Thus, the intrachain coupling between the Fe(II) ions is relatively weak and antiferromagnetic. The fit is depicted by the red solid line in Fig. 1 . The corresponding agreement quotient for susceptibility based on the mean square deviation from the experimental points is 
. Next, we fitted the Curie-Weiss law, appended with the diamagnetic correction χ0 found in the first fit, to the temperature dependence of the inverse susceptibility:
The best fit yielded C=6.916(3) cm 3 K mol -1 and θ=-2.27(9) K. It is depicted with the red solid line in Inset of Fig. 1 . One can see that the agreement with the experimental data is satisfactory. The value of the Curie constant implies gFe=2.147, which is in perfect agreement with value found in the first fit. Eq. (8) establishes the following relation between the Weiss temperature θ and the intrachain coupling constant J, J=1/4kBθ, which yields J=-0.39 cm -1 being roughly consistent with the value implied by the first fit. The necessary difference may be ascribed to the fact that the first fit involved the Fisher expression accounting rigorously for the infinitely long spin chain, while the Curie-Weiss expression used in the second fit corresponds to the approximate molecular field model.
For the sake of comparison with experiment the isothermal magnetization was calculated by two independent methods. Firstly, it was assumed to be the sum of the Brillouin functions (purely paramagnetic contribution) corresponding to two non-interacting Fe(II) ions with the Landé factor implied by the first susceptibility fit. It is depicted by the red solid line in Fig. 2 . It can be seen that the experimental values lie deep below this curve. The second method consisted in solving iteratively the set of equations in Eq. (9) , with the parameters implied by the first susceptibility fit, and calculating the magnetization according to the formula in Eq. (10) . This method was meant to account for the antiferromagnetic intrachain coupling between the Fe(II) ions. The result is depicted by the blue solid line in Fig. 2 . It is apparent that the magnetization values are reproduced only in the low-field regime. For higher fields the MFA-based curve exceeds the experimental values and it finally saturates. This indicates that the molecular field approximation is too crude to duly reproduce the short-range correlations of the exchange-coupled spin chain suppressing considerably the magnetization values.
Conclusion
In this work, synthesis, single crystal X-ray structure analyses and characterization of a new dicyanamide bridged Fe(II) coordination polymers, 1, containing 4,4ʹ-bipyridine ligand, have been reported. The structural analysis of the complexe shows that the environment around the sixcoordinated Fe(II) ion can be described as a slightly distorted octahedral geometry and the dca ligand is coordinated to the metal site in a bidentate1,5-bridging mode to form 1-D coordination polymer. These polymeric chains are also linked with bpy ligands to form 2-D layers. The selection of 4,4ˊ-bpy as co-ligand has a rather important role in the crystal structure arrangement of dca coordination polymers due to its bridging ability. The studied compound may be treated as a weakly interacting assembly of linear chains of the Fe(II) ions with the antiferromagnetic intrachain coupling.
